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The neurological, sensory, motor and general developmental progress of 135 infants born more than 5 weeks 
before term was studied. Over aperiod of 12 months, 122 infants had post-term evaluations at one, four, eight 
and twelve months. These were carried out using both a standardized infant ability scale and a graded 
neuro-sensory and motor assessment. The abilities of the age adjusted pre-term infants compared favourably 
with the standardized scale of expected age normal abilities. Developmental aspects of tactile, proprioceptive, 
vestibular and eye movement responses showed some interesting trends. There was some persistence of 
primitive motor reflexes and an apparent delay in the development of postural reactions. The achievement of 
the motor milestones such as sitting, crawling, standing and walking did fall within the wide limits of the 
normal range. Six per cent of the total group had definite neurological handicaps, 16 per cent responded 
inconsistently during one of the assessments and at 12 months, a further 11 per cent showed evidence of 
developmental delay. 
Although it has been found that the development 
of the neural system is more closely related to 
conceptual age than to post-natal age or birth-
weight (Paine, 1966, 1969; Kazuyoshi, 1972; 
Illingworth, 1972; Saint Anne Dargassies, 1977), 
there is little detailed knowledge about the sub­
sequent neurological, sensory and motor develop­
ment of the pre-term infant. 
Motor responses to sensory stimuli are the basic 
criteria used in the neurological assessment of the 
newborn and developing infant. In addition to 
providing valuable information about the 
maturation and integrity of the neural system and 
the specific responses to stimulation of specific 
sensory receptors, a neurologically based sensory 
and motor assessment provides a means whereby 
the developmental progress of an infant may be 
evaluated. 
During the last gestational trimester, the brain 
undergoes a period of very rapid neural growth 
and increase in dimension (Wyke, 1975; Larroche, 
1966; Davisonand Dobbing, 1966); and even when 
birth occurs at full term the brain is in a state of 
rapid development that continues during the 
succeeding months. It has been found that the 
neural system is least affected by retardation of 
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intra-uterine growth but the neural development of 
the pre-term infant is only comparable to that of 
the full term infant, when the age is adjusted for the 
short gestation. That is, although the pre-term 
infant at 40 weeks may have had two or more 
months of additional experience of external stimuli 
(Paine, 1969), its stage of neural development is 
comparable to that of the newborn infant. 
While Illingworth (1972) has agreed with this 
view in general, he has suggested that there are a 
few basic differences in some of the reflex and 
motor responses between short term and full term 
infants. Schulte et ah (1968) stated that, although 
neurophysiological and behavioural mechanisms 
develop with conceptual age and are independent 
of body weight, the neurophysiological responses 
do fall into two main categories, namely, those 
dependent on structural maturation and those 
influenced by internal and external environmental 
factors. 
Valuable information regarding the behavioural, 
sensory, motor and general neurological responses 
of the full term newborn infant has been gained 
from studies by such people as Prechtl (1964, 1965, 
1968, 1977), Andre Thomas (1960), Beintema 
(1968), Brazelton (1966, 1973), Graham (1956, 
1957) and Saint Anne Dargassies (1966), while 
studies of infant development have been reported 
byTouwen(I971, 1976), Paine 1964, 1966), Peiper 
(1963), Illingworth (1972) and Gesell (1960). But 
there is relatively little detailed knowledge about 
the subsequent sensory and motor development of 
the pre-term infant. 
This knowledge is essential not only for the 
purpose of determining the developmental progress 
of pre-term infants and the integrity of their 
maturing neural systems, but also for use in the 
treatment of infants who have abnormalities or 
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some dysfunction which disturbs the normal 
progress of sensory and motor development. 
As part of a longitudinal study of the develop­
ment of pre-term infants born in 1975 at the two 
major maternity hospitals in Brisbane, Australia, a 
detailed assessment of their sensory, motor and 
neurological development was recorded (Burns 
1977). This paper presents descriptively some 
aspects of the findings of the first twelve months of 
this comprehensive study and draws attention to 
the developmental course and changes which 
occurred in the sensory and motor responses of 
these children. 
SELECTION AND MANAGEMENT 
OF THE STUDY 
All pre-term infants who were born at or less 
than 35 weeks gestation were selected for inclusion 
in the study, provided that their parents' residential 
address was within a 25 miles radius of the city 
centre. Of the 139 that met the inclusion criteria, 
135 were seen at 1 month post-term and 122 were 
followed to 12 months of age. The gestational age 
range and birth weight of the infants studied is 
shown in Table 1.. 12.3 per cent of the children 
studied were small for gestational age. 
TABLE 1 
DISTRIBUTION OF AGE 
AND BIRTH WEIGHT 
n = 135 
Gestational Age Percentage 
Less than 28 weeks 4.4 
28:— 30 weeks 8.0 
30 — 32 weeks 21.2 
32 — 34 weeks 46.0 
More than 34 weeks 20.4 
Birth Weight Percentage 
Less than 1,000 gm 4.4 
1,01-0 — 1,500 gm 16.8 
1,510 — 2,000 gm 46.0 
2,010 — 2,500 gm 28.5 
2,500 — 3,000 gm 3.6 
More than 3,010 gm 0.7 
As the basis of the study was to evaluate the 
effect of short gestation, the maturity of all infants 
was assessed by a paediatrician as soon as possible 
after birth. Although birth weight and important 
aspects of obstetric and neonatal care were re­
corded in the study, their discussion is beyond the 
scope of this paper, which focuses on the overall 
sensory and motor responses of the group. Analysis 
of results did show however that there was no 
significant correlation between development and 
birthweight, gestation age or social factors. 
Where possible, initial contact was made with 
the mother prior to her discharge from the hospital, 
to elicit her co-operation and ensure her under­
standing of the purpose of the study. In the case of 
very sick infants, this contact was withheld until 
the medical outcome was reasonably certain. 
A short neurological assessment, based on the 
work of Saint Anne Dargassies (1966) was under­
taken as soon as the condition of the baby was 
sufficiently stable to tolerate some handling, and 
prior to discharge. Complete neuro-sensory, motor 
and general developmental assessments were 
carried out at the ages of 1, 4, 8 and 12 months. At 
all times, the age of the baby was calculated to 
adjust for the short gestation and all ages quoted in 
this paper refer to the adjusted age. 
Assessments were carried out in the home of 
each family both to reduce adverse stimulation so 
that the 'best performance' response could be 
obtained, and in an attempt to achieve a high 
percentage of follow-up. 
In order to control some of the variables which 
could influence the type and quality of response, 
attention was paid to such factors as the health of 
the child, the assessment environment, the time of 
the day at which the assessment was made and the 
order of administration of the test items. All assess­
ments were carried out by one physiotherapist. 
The influence of the behavioural state on infant 
responses was recognised and accordingly, to 
obtain the optimal response to each test item 
throughout the assessment, every effort was made 
to maintain the infant quietly awake or actively 
responsive. This was achieved in 86 per cent of the 
infants at 1 month of age, and in over 95 per cent at 
ages of 4, 8 and 12 months. Constancy of the 
behavioural state was found to increase with age. 
Two assessment profiles were used to record 
responses and performance at each age level. 
A Griffiths Infant Ability Scale (Griffiths 1967) 
was used to record the general developmental 
performance against the 'expected'performance of 
a full-term infant, while a physiotherapy assess­
ment scale of neuro-sensory and motor develop­
ment was devised for the purpose of this study. 
THE NEURO-DEVELOPMENTAL SENSORY 
MOTOR ASSESSMENT 
During growth there is an increase in the 
complexity of both the structure and function of 
the infant. Although many individual variations in 
development may be manifested, the progress of 
these interrelated processes follow a relatively 
predictable course. In consideration of this fact, 
Sheridan (1974) maintains that any comprehensive 
assessment of a child must always include a test of 
sensory functioning as well as of motor and 
neurological capabilities. Furthermore, Rivinus 
(1974), when discussing Brazelton's assessment 
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procedure, has drawn attention to the importance 
of eliciting normal adapting, interacting function­
ing rather than only looking for abnormality. 
The test items selected for use in this study were 
drawn from some sixteen neurological, sensory, 
behavioural and motor assessments and studies of 
the development of the infant and young child. The 
literature pertaining to each test and the methods 
of eliciting responses were examined in detail to 
determine the most standardized and clear-cut 
method for use in this project (Burns 1977). 
A numerical system of grading and recording each 
item was developed. While there were individual 
variations according to the particular test the 
grading followed the pattern of 
1 = absent response 
2 = delayed or poor response 
3 - good appropriate response 
4 = strong or hyperactive response 
5 = asymmetrical or definitely abnormal 
response. 
For the purpose of collation and interpretation, 
the individual items tested were grouped under 
headings as shown in Table 2. 
TABLE 2 
GROUPINGS OF TEST ITEMS 
Nature of Test Responses included 
Sensory Behavioural state during assess-
behavioural ment, alertness, interest, cuddli­
ness, defensiveness 
Sensory- Tactile, proprioceptive, vestibular, 
motor ocular and auditory responses 
Motor General postural attitudes and 
movement, motor reflexes and 
motor milestones 
Postural and Placing, righting, protective and 
orientation equilibrium reactions 
Functional Hand preference, crossing body 
performance midline, co-ordination (appropriate 
for age) 
Neurological Abnormal features of tone, and 
status motor responses 
RESULTS AND DISCUSSION 
Following the collection of data relating to all 
assessments for the twelve month period, a 
comprehensive analysis of the developmental 
progress of the infants in each area was undertaken. 
A comparison of the Griffiths Infant Ability 
Score of the group of infants studied with the 
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expected Griffiths Ability Age over the 12 post-
term months showed that there was a close 
relationship between the abilities of the pre-term 
infants (age adjusted) and the expected abilities at 
1 month. At 4, 8 and 12 months, despite more 
variation in the overall ability level, the pre-term 
infant abilities continued to relate more closely to 
the expected response than to their chronological 
age. Table 3 compares the mean Griffiths Ability 
Age, adjusted age and chronological age of the 
children in the study. 
TABLE 3 
GRIFFITHS ABILITY AGE COMPARED 
WITH ADJUSTED AGE AND CHRONO­
LOGICAL AGE OF TOTAL GROUP 
Assessment 
1 
2 
3 
4 
Mean Adjusted Mean Chrono-
Age logical Age 
(weeks) (weeks) 
3.5 
16.6 
32.7 
52.1 
10.7 
23.8 
39.7 
59.3 
Mean Griffiths 
Ability Age 
(weeks) 
4.8 
18.3 
35.2 
55.5 
Behavioural Responses 
It has been said that responsiveness, alertness 
and emotional stability are important indicators of 
later development (Wolff 1959; Escalona 1968) 
and that unresponsiveness or emotional lability 
associated with poor consolability, may be 
indications of cerebral dysfunction (Nichamin 
1972). In this study, both the boys and the girls 
showed the same general trends in these areas, 
despite some minor variations. With advancing 
age came an increasing level of responsiveness to 
people and toys, but changes in emotional stability 
were not as marked. Emotionally, at 1 month 34 
per cent of the children were difficult to console, 
while at 4 months the proportion had decreased to 
16 per cent. Up to the age of 12 months, about 17 
per cent of the group continued to be irritable and 
difficult to console at times. 
The effects of mother/infant separation have 
been studied by Klaus et al. (1970) and Barnett 
et al (1970). In this study, both the cuddliness of 
■the' infants and the parental attitudes and care were 
recorded. As in all subjective tests, the only criteria 
on which judgments could be made were the 
observable reactions during the assessment, and 
the replies of the mother to carefully worded 
questions. 
There was no developmental pattern in the 
cuddliness of infants during the 12 month period, 
and while 8 per cent, 11 per cent, 6 per cent and 
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12 per cent of children actively resisted cuddling at 
ages of 1, 4, 8 and 12 months respectively, 15 
per cent, 13 per cent, 15 per cent and 27 per cent of 
infants actively nestled and desired very firm 
cuddling at the same age intervals. On analysis, no 
significant correlations with other behavioural or 
sensory and motor aspects were found to exist. 
Because of the parents* involvement in this 
study, their attitudes as well as their care and 
interest in the development of their children, 
increased. This fact was reported spontaneously by 
several parents. Only the parents of three infants (2 
per cent of the total group) showed little warmth or 
care fpr their child. However, 13 per cent (one or 
both parents of 18 infants) were excessively anxious 
and this directly influenced their relationship with 
the child. 
Responses to Sensory Stimuli 
In evaluating the sensory aspects of the 
development of movement, it is important to 
recognise and understand the neurophysiological 
and neuroanatomieal basis on which each response 
or reaction depends. 
As more than one sensory system may be 
involved in the elicitation of some of the reflex 
responses, an attempt has been made by researchers 
to select some specific tests that will provide 
information about each sensory system. While the 
tactile system, which is one of the most mature 
systems at birth (Humphrey 1969), is used to elicit 
many of the reflexes of the newborn, many studies 
have shown that tactile stimulation also appears to 
be essential for the stabilization and organization 
of the central nervous system (Klaus 1970; 
Freedman 1966; Prescott 1970; Ayres 1972). 
In this study, the response to light touch was 
evaluated and results indicated that, whereas 2 per 
cent did not show any response at any age, 11 per 
cent, 2 percent, 1 per cent and 2 per cent vigorously 
withdrew from light touch at ages of 1, 4, 8 and 12 
months respectively. The remaining children 
acknowledged touch either by cessation of 
movement or by moving the part touched. 
Deep touch was tested by pinching or by finger 
nail pressure on the sole of the foot. The most 
interesting trend observed was the child's tendency 
to extend into the stimulus rather than to withdraw 
from it. Prechtl and Knol (Beintema 1968) found 
this extensor response in breech babies but no 
other reports of this particular reaction have been 
found in the literature. At 1 month, 35 per cent of 
the infants extended into the stimulus, but at all 
other assessments, more than 60 per cent did so. 
During testing, care was taken by the assessor to 
avoid eliciting a magnet, extensor thrust or 
supporting response. 
Emotional or physical avoidance (i.e. defensive-
ness to touch), was moderately or strongly present 
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in 13 per cent, 5 per cent and 1 per cent of the 
infants at 1, 4, and 8 months respectively, but had 
disappeared by 12 months of age. 
Infants were found to give a specific response to 
localization of touch at both I and 4 months, but it 
was found that this could not always be different­
iated from other sensations after that age. Most 
children aged 1 and 4 months were found to 
automatically re-seek the touch stimulus, but by 8 
months (and sometimes at 4 months) the infants 
tended to look at the part touched. Appropriately 
designed activities were used to try to evaluate the 
level of visual-tactile and visual-auditory localiz­
ation and the infant's use of inter-sensory 
integration. Sensory integration was observed 
during play in 29 per cent of infants at 8 months 
and in 89 per cent at 12 months. 
Proprioception refers to the information arising 
from the muscles, joints and ligaments and is 
essential for reflex response to movement and 
stretch, automatic postural adjustment and 
planned motor activity. The neurophysiological 
and neuroanatomieal aspects of this system are 
complex, but as input is received from several 
groups of receptors, it is important to evaluate the 
proprioception in several ways and, for this study, 
methods used included the responses to quick 
muscle stretch, to slow sustained muscle stretch, to 
pressure through the limbs and to movement of 
joints. 
It is beyond the scope of this paper to discuss the 
diverse opinions that have been expressed on the 
nature of muscle tone. But it should be noted that 
Beintema (1968) found significant correlations 
between 'abnormal* tone and high foetal risk 
infants, while Drillien (1972) has described a state 
of hyper-reflexia found in some pre-term, low birth 
weight infants 6-12 weeks post-term, which she has 
called 'transient dystonia*. Saint Anne Dargassies 
(1966, 1972) drew attention to the developmental 
course of variations in tone and Bobath (1965) has 
discussed the variability of the distribution of tone 
relative to body position and the influence of tonic 
patterns of reflex movement. Prechtl (1968), on the 
other hand, has drawn attention to the influence of 
behavioural state, medical status, handling and the 
testing procedure used, when evaluating tone. 
During assessment in this study, each upper and 
lower limb was tested separately. The recoil 
response to sudden release after flexion and 
extension of the limbs was recorded, and results 
showed that in any one infant at 1 month, there 
were marked differences between upper and lower 
limbs but little evidence of any right-left 
asymmetry. Generally strong flexor recoil was 
more evident in the arms (72 per cent) than the legs 
(64 per cent) at 1 month. 
The resistance to slow passive movements of the 
limbs also was markedly different between the 
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upper and the lower limbs in any one infant. It was 
found that a higher proportion of infants demon­
strated a strong resistance in the lower limbs (35 
per cent) than in the upper limbs (26 per cent) at 1 
month of age, but that by 4 months the proportions 
were reversed, with strong lower limb resistance 
being evident in only 22 per cent, and strong upper 
limb resistance being evident in 28 per cent. No 
significant differences between the upper and lower 
limb resistances were found at later assessments. 
The automatic response to pressure applied 
under the heel indicated that strong extension of 
the lower limbs was the predominant feature in the 
three first assessments, being in the order of 69 
per cent, 59 per cent and 63 per cent respectively. 
Predominant extensor responses have been 
previously noted in pre-term infants (Illingworth 
1972; Drillien 1972) and this may have been 
responsible for the extensor response to deep touch. 
The vestibular system is intimately connected 
with the proprioceptive, visual and motor systems 
in the control of muscle tone, posture, orientation 
to the environment, and adaptive motor behaviour. 
As stimulation of the vestibular mechanism causes 
reflex movement of the eyes (non-optic reflexes), 
use can be made of these responses in the 
assessment of vestibular functioning. In this study 
a post rotatory nystagmus was elicited for this 
purpose. However, the vestibular responses were 
not only considered with respect to rotational 
acceleratory responses, but also to linear ac-
celeratory responses (e.g. parachute reactions) and 
positional responses relative to gravity (head 
righting). 
To test the pre-rotatory and post-rotatory 
response, the infant was held vertical with the head 
tipped forward about 30 degrees, as suggested by 
Paine and Oppe (1966). The head was left free. 
A positive post-rotatory nystagmus was elicited 
and observed in 58 per cent, 29 per cent, 48 per cent 
and 56 per cent of infants at 1, 4, 8 and 12 months 
respectively, but a feature at all ages was an 
asymmetrical response. This was particularly 
evident at the age of 4 months, when 47 per cent of 
infants responded in this way, compared to 21 
per cent, 24 per cent and only 10 per cent at 1,8 and 
12 months. The asymmetrical response was marked 
by a postural trunk flexion on rotation in one 
direction and postural trunk extension when 
rotated in the opposite direction. The post-rotatory 
positioning of the eyes was also asymmetrical. 
It would appear that this was a developmental 
feature rather than an indicator of any abnormality 
or as a result of the test procedures, as most infants 
exhibit ing the asymmetrical response had 
symmetrical responses at previous and later 
assessments. Gay et at. (1974) suggest that the 
presence or absence of a directional preference 
does not show up a one-sided canal paresis directly, 
but that a canal paresis may show up as a 
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directional preponderance to the test. Although 
the rotational responses of the newborn and of 
children have been studied (Paine 1966; Eviatar 
1974; Beintema 1968; Kantner 1976; Ayres 1972; 
de Quiros 1976; Harrison 1976; Steinberg 1977), 
little detail is recorded about the developmental 
aspects of these responses. 
Eye movements, which are largely reflex 
responses, are important in directing the gaze to 
maintain optimal visual input onto the retina, for 
the maintenance of the alignment of the eyes to 
each other, and for the adjustment to alignment 
necessary during changes in the head and body 
position. Although there are five eye movement 
systems, only two were studied in detail, namely 
the smooth pursuit system and the vergence system. 
Pupillary and blink reactions to bright light were 
also recorded but as these were tested in normal 
room light and not in darkness, the results do not 
provide an accurate evaluation of the reaction. 
At 1 month of age, horizontal eye movements in 
the mid range were recorded in 91 per cent of 
infants, while they watched the path of a suspended 
ball 1 cm in diameter. A further 4 per cent could 
follow the ball through a full 180° of motion, and 
only 1 per cent demonstrated an asymmetrical 
response. At this age, it was found that 27 per cent 
of infants also attempted vertical eye movements 
to follow the ball and 5 per cent attempted circular 
follow movements. Eye follow ability progressed 
rapidly and by 4 months of age 91 per cent of the 
infants had full range horizontal follow, 80 per cent 
had full vertical follow and 67 per cent circular 
follow. Jerkiness of eye pursuit movements was 
very marked initially, but tended to decrease with 
age and with the development of head movement 
in the direction of the follow. This was most 
noticeable at 12 months of age. 
Although at I month, 80 per cent of the infants 
could fixate on a I cm ball, none could converge 
when the object was moved slowly towards the 
eyes. By 4 months, 75 per cent of the infants could 
fixate both eyes on the ball and then converge both 
eyes to follow its movement towards them. At 8 
months, 94 per cent had developed this ability but 
at 12 months of age, only 91 per cent gave a positive 
response because of poor co-operation in the test. 
The distance at which fixation and convergence 
(4 months) could be attained was variable, ranging 
between the extremes of 7 cm and 45 cm, although 
86 per cent of the infants fell within the 7 cm to 
20 cm range. It is interesting to note that in this 
study the non-optic doll's eye response to 
horizontal head turning was elicited in 46 per cent 
of the infants at 4 months of age, although Prechtl 
(1964) suggested that this response disappears by 
the age of 1 month, as the ability to fixate develops. 
Auditory motor responses were evaluated by 
using a high tone brass bell and a low tone rattle. 
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At 1 month, 94 per cent made some form of 
response to the bell, but all infants responded to 
the hand rattle, 16 per cent by reducing general 
body movement, 67 per cent by turning the eyes to 
the relevant side and 4 per cent by turning the head. 
By 4 months of age, the proportion of children able 
to respond to noise by turning both head and eyes 
towards the rattle was 50 per cent. However, 13 
per cent of the infants turned in one direction only. 
This asymmetrical response decreased by eight 
months of age, being observable in only 3 per cent 
of infants. At age 12 months the ability to follow 
the movement of the sound of a bell behind a 
screen was shown to be present in 68 per cent, while 
84 per cent followed the sound of a rattle. 
Although a considerable variation in the onset 
of speech is accepted as normal, the average child is 
expected to have two or three appropriate clear 
words by 12 months of age. In this study 70 per cent 
of children had reached this standard. It has been 
suggested that the normal development of oral 
reflexes and responses is of considerable import­
ance for the development of speech (Meuller, 
1972). The oral sensory motor responses were 
evaluated through the elicitation of primitive 
reflexes and the development of drinking and 
chewing. The latter two abilities, however, were 
possibly influenced by the variations in child-
rearing practices relating to the age when drinking 
from a cup and eating solid food were begun. The 
ability to drink from a cup was mature in 80 
per cent of infants at 12 months, while 89 per cent 
could chew solids in a *mature-for-age* pattern. 
The developmental aspects of rooting, mouthing, 
sucking, swallowing, tongue thrust, gag and bite 
reflexes were tested and it was found that generally 
there was some delay in the integration and 
maturation of these oral reflexes. For example, at 4 
months, when it is usually very difficult or 
impossible to elicit these reflexes, 13 per cent of 
infants were still actively rooting and using 
mouthing reflexes at the onset of feeding, a further 
2 per cent showed definite abnormality of response, 
and 4 per cent Jiad an immature suck-swallow 
reflex. Nevertheless, 18 per cent had achieved the 
mature sucking pattern by this age. Even at 8 
months, 18 per cent of infants retained an immature 
sucking pattern, which continued to be evident in 5 
per cent of the group at 12 months. However, this 
latter group definitely displayed other signs of 
neurological immaturity or dysfunction by this age. 
Similarly, the integration of tongue thrust, bite 
and primitive gag reflexes was slow in some 
infants. At 8 months, 54 per cent still retained a 
primitive bite reflex. Although Meuller (1972) 
suggests that it is integrated by 5 months, 9 per cent 
retained reflex tongue thrust and 42 per cent 
retained the primitive gag response. Although the 
developmental course of these reflexes is not well 
documented, the oral and feeding responses in 
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these infants raises the query as to the effect of the 
neonatal care practices of gavage feeding and 
whether it causes a delay in the sequence of oral 
development. The time of appearance of primary 
teeth, as presented in Figure 1 also reveals a delay 
when compared with the expected range. 
Motor Reflexes 
Motor reflex responses are extensively used in 
the examination of the newborn to providing 
important information regarding the integrity of 
sensory and motor systems, the level of neuro­
logical maturation and signs of abnormality or 
dysfunction. Although emphasis has been placed 
on the fact that persistence of these responses in the 
infant or child is an indication of neurological 
immaturity, dysfunction or abnormality (Paine 
1964, 1969; Bobath 1965; Ayres 1972; Shepherd 
1974), the absence of these responses in the 
newborn period is just as important (Prechtl 1964). 
One of the purposes of this study was to evaluate 
the developmental course of these reflexes. In 
Figure 2 the reflex, its strength and the degree of 
integration at each assessment has been illustrated 
diagrammatically. The Moro reflex was tested 
using the head drop method. At 4, 8 and 12 
months, the response was elicited in 57 per cent, 14 
per cent and 5 per cent respectively, but those 
infants who retained the Moro response at age 12 
months also showed evidence of other neurological 
dysfunction. Results of the study showed that the 
withdrawal reflex was not integrated but continued 
to be elicited, although from the age of 4 months, 
the pattern of the response changed from a total 
withdrawal to a more mature removal of the limb 
from the prick, as described by Touwen in 1976. 
Another feature of the 4 months assessment was 
that 20 per cent of the infants exhibited an 
asymmetrical Galant response compared with only 
12 per cent at 1 month at 11 per cent at 8 months. 
There was no apparent explanation for this 
characteristic but it should be noted that other 
postural asymmetries were observed at this age. 
The grasp reflex in the feet was much slower to 
integrate than were the other responses, being still 
present in 72 per cent of infants at 8 months. The 
extensor response of the Tonic Labyrinthine reflex 
in supine also persisted significantly longer than 
the flexor response in prone, while the asym­
metrical tonic neck reflex (ATNR) tended to 
persist, being partially or fully present in 48 
per cent of infants at 8 months. Of interest was the 
fact that a proportion of the children only exhibited 
the ATNR response when the head was turned one 
way, the asymmetry of response occurring in 20 per 
cent and 17 per cent of the infants at 4 and 8 months 
respectively. It is possible that the level of basic 
extensor tone and other asymmetric responses may 
have influenced the presence and strength of the 
ATNR response, 
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Boys 
Girls 
(a) 8 months 
-^MU ';iJMC _ ... _ _ , , 
0 1 2 3 4 5 6 7 8 9 10 
No of teeth U- Expected no ♦ 
[of teeth at 12 months[ 
(b) 12 months 
FIGURE I 
Number of teeth erupted by (a) 8 months; (b) 12 months 
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As demonstrated in Figure 2, there appeared to 
be some delay in the integration of the tonic 
reflexes in these infants but, except in the 3 
per cent who had moderate to severe cerebral 
palsy, the influence of these persisting reflexes 
neither prevented nor caused abnormality of the 
functional movement. It is suggested that, rather 
than being a cause of motor delay or dysfunction, 
the persistent presence of tonic reflexes is an 
expression of more basic immaturity or dysfunct­
ion of the sensory and motor neural system. It was 
also found that some infants exhibited one or more 
reflex responses in isolation but had otherwise very 
mature sensory, motor and neurological responses. 
Postural Reactions 
Postural and orientation reactions (namely the 
righting, placing and supporting reactions) are 
higher level responses than the previously discussed 
motor reflexes, as they are adaptive reflexes, 
automatically orientating the head and body to 
gravity, to itself and to the supporting surface. 
Although very important in the development of 
normal posture and balance, these reactions often 
receive less attention than the primitive reflexes. 
As development proceeds they act harmoniously 
with the balance or equilibrium reactions. Whereas 
the righting reactions are responsible for the 
maintenance of a stable posture and provide a 
stable background for more specific controlled 
movement, the equilibrium reactions maintain the 
body balance against a disturbing or disruptive 
force. 
In this study, the head righting reactions in both 
vertical and horizontal suspension were assessed. 
The infants were not blindfolded as earlier studies 
showed that this caused distress and an attempt to 
remove the blindfold which would negate the test. 
In this project the children were held facing a blank 
wall so that visual clues from vertical and 
horizontal structures were reduced. At the .1 and 4 
month assessments, the reaction to increased input 
was assessed by first recording the head responses 
to gravity only, then with the addition of pressure 
on the buttocks and finally the response after slow 
total body rotation. As shown in Table 4, buttock 
support stimulated an increase in neck extension 
and a raising of the head above the midline (against 
gravity). Body rotation tended to cause exaggerated 
hyperextension of the neck and upper trunk, 
although at 4 months of age, the response was not 
always consistent, 20 per cent demonstrating an 
asymmetrical reaction after the rotation. 
Assessments of head righting in both vertical 
and horizontal positions, revealed that responses 
in the horizontal prone position developed earlier 
than in the vertical, horizontal supine or the side 
positions (see Figure 3). It will also be noted that a 
mature reaction was slightly stronger on tipping to 
the right than on tipping to the left in both vertical 
and horizontal positions at all assessments. 
TABLE 4 
EFFECT OF INCREASED STIMULUS ON HEAD RIGHTING RESPONSE 
Response 
Percentage of infant showing response 
Thorax support 
(n = 133) 
Age (Mths) 
I 4 
Buttock support 
(n = 133) 
Age (Mths) 
1 4 
Body rotation 
( n = 125) 
Age (Mths) 
I 4 
Head below line of body 
Head in line with body 
Head above midline of body 
Hyperextension of neck 
30 
44 
26 
0 
2 
12 
86 
0 
3 
27 
65 
5 
0 
2 
93 
5 
2 
5 
34 
59 
0 
2 
*50 
28 
* 20 per cent of infants had an asymmetrical response at 4 months following rotation of the body 
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0 i S ^ S S S & S S ^ 
Position F B R F B R L F B R L 
4 Mths 
^ ^ Head above mid line 
I I Head to mid line or below 
|:SJj;: No response 
FIGURE 3 Righting reactions of head. Percentage 
responseinhorizontaland in vertical planes at 4, Sand 12 
months 
8 Mths 
Horizontal 
12 Mths 
F = Forward 
B = Back 
R - Right 
L ■= Left 
P =. Prone 
S - Supine 
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The Landau reaction of neck, trunk, and hip 
extension in horizontal suspension normally starts 
to occur from 3 months and is expected to be 
present by 6 months of age (Mitchell 1962). 
However, in this study only 31 per cent at 4 months 
and 57 per cent at 8 months exhibited the full 
response. Even at 12 months, only 67 per cent gave 
a full response (see Figure 4). Although in their 
study, Paine et al (1964) found that only 50 per 
cent of infants exhibited a full Landau response by 
6 months of age, all of the infants in their study 
fully extended the neck and trunk by 10 months. 
Months 1 8 12 
^^Full Response 
■SPart ia l Response 
JlPlNo Response 
FIGURE 4; Landau Response 
Analysis of the placing and supporting responses 
to stimulation of the dorsal aspect of the hands and 
feet showed that at 1 and 4 months more than 70 
per cent of infants had good positive placing 
responses, while at 8 and 12 months more than 85 
percent responded. However, at4months, only 58 
per cent would support their body weight on hands 
or feet after placing. This percentage increased 
with age and, by 8 months, 80 per cent supported 
their body weight well. 
Protective or parachute responses to linear 
movement were assessed in upper and lower limbs 
at 4, 8 and 12 months. Although the lower limb 
parachute response may be elicited earlier tftan the 
arm responses, the forward protective movement 
of the arms was found to be the most consistent 
response (see Table 5). At 12 months, all infants 
tested showed at least a partial response. The 
backward protective movement proved to be the 
least consistent response, for at 12 months, 26 per 
cent of the infants did not attempt to protect 
against a backward displacement, and another 26 
per cent used the more mature balance or 
equilibrium response of projecting the arms 
forward. 
Motor Milestones 
Motor milestones are generally regarded as 
functional indicators of the maturation of sensory 
and motor neural pathways. The ability to hold the 
head erect, to sit alone, to creep on the abdomen, to 
crawl on hands and knees, to stand unsupported 
and to walk alone are the main milestones 
considered for this purpose. Previous investigators 
have indicated a wide variability in the age of 
achievement of these milestones (Touwen 1976; 
Neligan 1969) and, as Gesell (I960) has pointed 
out, the actual achievement or non-achievement of 
a milestone tells very little about the child. 
Figure 5 summarises the milestones attained by 
infants in this study and it can be seen that a 4 
months 18 per cent of infants could not maintain a 
stable head position in supported sitting. Those 
who did not have head control at 8 and 12 months 
of age were in the neurologically impaired group, 
Although it was expected that, at 4 months, the 
children would demonstrate the ability to sit with 
support having the head upright and the dorsal 
spine flattened, it was found that only 42 per cent 
of the infants could hold this position. By 8 
months, 64 per cent could sit alone for more than 
60 seconds and a further 16 per cent had 
momentary sitting balance. By 12 months 92 per 
cent could sit alone. 
At 8 months of age only 43 per cent of infants 
could progress forward in prone and 30 per cent 
could crawl on hands and knees. These percentages 
had changed dramatically by 12 months, when 88 
per cent could progress forward in prone, 85 
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TABLE 5 
PROTECTIVE AND PARACHUTE REACTIONS 
Response 
No response 
Partial/delayed 
response 
Full normal 
response 
Exaggerated 
response 
Percentage of infants showing response at each assessment 
4 months 
(n = 128) 
Upper limbs 
Fwd Side Back 
87 
13 
0 
0 
98 
2 
0 
0 
0 
0 
0 
0 
Lower 
limbs 
32 
51 
17 
0 
8 months 
(n .= 122) 
Upper limbs 
Fwd Side Back 
13 
24 
63 
0 
20 
34 
46 
0 
71 
24 
5 
0 
Lower 
limbs 
7 
42 
49 
2 
12 months 
(n = 121) 
Upper limbs 
Fwd Side Back 
0 
12 
86 
2 
2 
22 
73 
3 
26 
16 
32 
0 
26* 
Lower 
limbs 
6 
26 
64 
4 
integrated by equilibrium reactions 
per cent could crawl on hands and knees and 5 per 
cent used a 'bottom-shuffle' style of progression. 
At this stage also, 30 per cent of the children could 
walk at least six steps alone, 64 per cent could stand 
without support and 73 per cent could walk with 
support. 
When evaluating the development of hand grasp 
and manipulation, the presence of a voluntary 
grasp, the pattern and type of the grasp as well as 
the use and preference of the hands in play, were 
assessed. The ability to transfer and release objects 
and to cross the body midline were also recorded. 
It was found that by 4 months 76 per cent of infants 
could make a good voluntary grasp with both 
hands, while a further 18 per cent demonstrated 
good control in one hand only. A radial palmar 
grasp was used by 15 per cent of the group, while 
the remaining infants used the more immature 
ulnar palmar grasp or finger clutching action. 
Hand grasp ability improved with age, so that by 8 
months of age 25 per cent of the infants were found 
to be using a fine pincer grasp, 56 per cent were 
using gross pincer and I per cent could actually 
oppose the thumb to index finger. By 12 months 54 
per cent could achieve this opposition. The ability 
to transfer from hand to hand was observed to be a 
'taking-from' action rather than a release of the 
object into the other hand. By 8 months, 81 per 
cent of the group transferred a toy readily from 
hand to hand, and by 12 months 96 per cent had 
achieved this ability. However, release of an object 
was a more slowly developing response and by 12 
months only 31 per cent of the children could 
voluntarily release an object. 
The level of response of this pre-term group of 
infants was undoubtedly influenced by the fact that 
a small proportion of them had some definite 
impairment of neurological function. The com­
prehensive results of the specific neurological 
evaluations may be found in the full report of this 
section of the iongitudinalstudy (Burns 1977), but 
for the purpose of this discussion it should be noted 
that at 12 months 6 per cent of the total group were 
receiving treatment for neurological handicaps 
and 11 per cent showed evidence of significant 
intellectual and/or sensory, motor developmental 
delay. A further 16 per cent had at some stage 
during the first 12 months exhibited significant 
neurological or developmental features which 
could indicate dysfunction. Further follow-up 
studies of these children may help reveal the 
importance of these early signs. 
CONCLUSION 
In this study it has been shown that the sensory, 
motor and general developmental progress of 
infants born six or more weeks pre-term is 
comparable to that of full term infants when the 
age is adjusted for the shortened gestational period. 
The detailed study of development at 1,4,8 and 12 
months after the expected age of delivery has 
indicated some variations of tone, primitive 
reflexes, oral development, postural reactions, and 
motor milestones. Apart from those children with 
definite neurological impairment, the long term 
significance of the minor variations is not yet clear. 
However, with the growth of neonatal intensive 
care nurseries and the resultant increase in the 
number of surviving very premature infants, there 
is a need for a greater understanding and more 
detailed knowledge of the expected range of 
normal development of these infants. 
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c o 
o 
J2 
Months 
Milestones head 
control 
sitting prone 
creeping 
8 12 8 12 
^rawling"^ 4^tandin^ 
hands & alone 
knees 
12 12 
§» walk *#>4»walks#> 
with no 
support support 
y ^ Achieved to level expected for age 
gSjg Ineffeetive attempt 
3 ^ 1 No response 
I" I 
| J Abnormal 
FIGURES Motor milestones 
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